Abstract The aim of this research was to determine the changes in the physicochemical properties of palm oil and its blends by FTIR and rheological measurements. Application of heat produces some chemical compounds as impurities and even toxic compounds in oils and fats that give absorbance at different region. FTIR spectra of pure palm olein shows an absorbance at 3002 cm −1 whereas other pure oils show maximum absorption at around 3007 cm −1 due to C-H stretching vibration of cis-double bond (=C-H). By blending of high unsaturated oils with palm olein, a clear shift of 3007 cm
Introduction
Vegetable oils are widely used in everyday food preparations. It provides us necessary vitamins, antioxidants and energy. It also works as a transporter of several vitamins to the bodycells (Kritchevsky 2008) . Fats and oils are largely responsible for the pleasant creamy taste of foods; therefore, its physiological characteristic is important (Belitz et al. 2009 ). Frying causes oil to undergo a wide range of reactions, namely hydrolysis, oxidation, isomerization, and polymerization due to high temperature and absorption of water and oxygen (Go'mez-Alonso et al. 2003; Gloria and Aguilera 1998) . The deteriorated oil has nutritional and toxicological implication on human health since the toxic substances may accumulate in oil through the food stuff fried in it; final products fried in deteriorated oil possess unpleasant taste, odor and texture (Tena et al. 2009 ). The oils upon repeated frying reach a certain stage that it can no longer be used and have to be discarded (Stevenson et al. 1984) . Therefore, it is necessary to monitor the quality of oils after frying and to determine the functional, sensory, and nutritional quality changes through which it can be decided when the frying medium is no longer usable. Vegetable oils stability has been improved by blending with other oils and some of the blends were found better and stable than their original forms, specifically, on a study of palm oil and mustard oil blends (Chugh and Dhawan 2011) . However, this oil blends are also subject to deterioration after a certain time of frying and storage. So this oil, on regular basis, should have to be checked to ensure its nutritional value and quality. In fact, chemical as well as physical properties are key factors in determining the application of oils and fats in food processing (Diáz Gamboa and Gioielli 2003) . For this reason, the rapid, easy and fast IR spectroscopy has become an emerging technique for analyzing of edible oils due to its simple process of using (Yang et al. 2005) . Moreover, the application of fourier transform infrared (FTIR) spectroscopy has been turned out to be a powerful technique in analyzing of food, especially in oil and fats industries (Guillén and Cabo 2000) . Besides, rheological measurements are useful since the behavioral and predictive information about different products and formulation can be determined by it (Wan Nik et al. 2005) . The viscosity and flow are also important phenomenon though it has little influence in storage but it plays a significant role in frying of foods, since penetration of oil into the food stuff favoured by the viscosity of oil (Kim et al. 2010) . Some literatures are available on rheology of different individual oils but, unfortunately, we have not found any record of such study on these aspects of different oil blends and comparison of results (Lioumbas et al. 2012; Santos et al. 2005; Wang and Briggs 2002) . As blending of different oils are getting the attraction of many food industries nowadays, so this study will be a helpful for them to formulate their products.
The objective of this work was to speedy-evaluation of changes in the quality of the oil blends upon frying. Blending not only changes the chemical property of oil to some extent but also the saturation or unsaturation ratios of it, more specifically, the ratios of saturated and unsaturated fatty acids. Therefore, frying (or cooking) changes the quality of both the oils include in it and thus the physicochemical property of blends is a matter of interest for food industries.
Methodology

Oil samples
Pure and refined Palm oil as well as three other oil blenders were purchased from a local supermarket in Penang, Malaysia. Palm oil (PO) was blended with those three oils that are soybean (SO), sunflower (SF), canola (CO) to form a binary blend with each blender. However, another oil that is candlenut oil (Cnd) was extracted at lab by using supercritical CO 2 extraction. The extraction condition and characteristic of oil was reported earlier (Siddique et al. 2011) . Blends were prepared by mixing of palm oil the oils from 10 % to 90 % w/ w at 10 % interval. An electrical balance was used to weigh the two oils separately and the reading was taken near to 0.50 g. In a beaker the blend was stirred with the help of a magnetic stirrer for 30 min for a complete homogeneous mixture. The blends were covered with aluminum foil and were stores in the refrigerator below 4º C until the different tests were carried out.
Fish frying
Frying of fish was carried out by deep frying of 10 to 14 g of fish fillet (vacuum dried to reduce moisture) in 2.5 L of oil and their blends with the help of a deep fryer (FFA2001, Anvil, South Africa). At first oil was heated up to 200°C and then the piece of fish was put into it. Frying was continued for 60 min in three stages, 20 min for each frying time. Each time the piece of fish became yellowish red in colour and it stopped bubbling due to the cavity formed during demoisturization. After frying oil samples were cooled to room temperature, sealed in a beaker and kept in refrigerator at -5°C for further testing on it.
FTIR analysis FTIR unit (AVATAR 360, Nicolet, U.S) was equipped with a deuterated triglycine sulphate (DTGS) as a detector and a KBr/Germanium as a beam splitter, interfaced to a computer operated under windows based and connected to OMNIC operating software system (E.S.P.5.1) was used for FTIR spectra acquisition. Automatic dehumidifier was used to diminish water vapor interface from the machine. A few drops of each sample were put onto the Attenuated Total reflectance (ATR) multibounce plate of crystal at controlled ambient temperature (25°C).
All spectra were recorded from 4000 to 400 cm −1 coadding 32 interferograms with measurement accuracy in the frequency data at each measured point of 0.01 cm
, due to the laser internal reference of the instrument. To avoid high noise levels the spectra were collected at a resolution of 4 cm −1 (Guillén and Cabo 2002) . Each time this spectrum was subtracted from the background air spectrum. A new air spectrum was taken after every scan with sample (Rohman and Man 2010). The ATR plate was carefully cleaned with isopropanol and acetone and was dried with a soft tissue. The background spectrum of empty ATR plate was taken and it was verified by matching with the previous one. These spectra were recorded as absorbance values at each data point. After filling it with a sample it was assured that no air bubble was trapped onto the ATR in the sample. The software spectral library was used as reference to match the functional group of the spectra found for the samples.
Rheology
Rheological measurement was determined by using controlled-stressed AR 1000-N Rheometer (TA Instrument-UK) equipped with a temperature controller unit. The temperature was controlled by a Peltier system located in the base of the measurement geometry. The melted blend (80°C) was applied on the base of the plate avoiding bubble formation and the superior plate was positioned on the sample surface using the auto-gap function of the rheometer software (1 mm).
Linear Viscoelastic Region (LVR) of the samples for temperature sweep step, frequency sweep step and temperature ramp were determined at 0 to 40°C and at frequency of 1-100 Hz, shear stress of 1 Pas and shear rate of 0.1 to 500 S −1 shear stress. A 4 cm cone plate (2°) with a gap of 51 μm was used. About 1.5 mL of sample was loaded using a micropipette on the rheometer plate for each run. As the shear and applied frequency could destroy the crystal network, after each run fresh sample was loaded. For temperature ramp, as the samples (oil blends) were crystallized at low temperature, with the automatic setup of temperature increase of 1°C/min, data was recorded after the samples were melt. The storage modulus (G') and loss modulus (G'') were determined as a function of frequency within the LVR region for each sample.
Statistical analysis
The Microsoft Office Excel software was used to conduct the analysis. The frequency sweep graph of G' and G'' vs frequency as well as the standard deviation were plotted using MATLAB (version 7.11.0.548). All tests were conducted in triplicate, however the mean was considered and was reported.
Result and discussion
FTIR analysis
The importance of the IR spectroscopy in the identification of molecular structures originates from the possibility to assign some certain absorption bands related to the functional groups. In fats and oils, most of the peaks and shoulders are attributed to the functional groups (Bendini et al. 2007 ). Since triglycerides are the main component in oil and all types of oils consist of almost same type of fatty acids therefore, the IR spectra shows typical characteristic absorption bands for all types of oils (Safar 967 Overlapping of the CH 2 rocking vibration and the out of plane vibration of cis-disubstituted olefins Cabo 1997 et al. 1994) . In this study the absorption spectra for pure oils found to show very identical results ( Fig. 1) as well. The entire spectra obtained in this study for all oils and their blends apparently seem very identical due to their similar compositions. The oil blends after frying showed a slight difference in absorption bands and in its intensity at frequencies around at 3006 cm . Table 1 indicates the functional groups at certain absorption.
FTIR spectra of palm olein and its blends show notable differences for the band at around 3006 cm . For pure palm olein shows an absorbance at 3002 cm −1 whereas pure canola, sunflower, soybean and candlenut show maximum absorption in this region at around 3007 cm
. The observation is due to their composition, as palm olein contains a relatively higher amount of oleic acid while all other oils are rich in linoleic and linolenic acids. A similar result has been reported by Guillén and Cabo (1999) for oxidation of various edible oils (Guillén and Cabo 1999) . With the blending of these high unsaturated oils in palm olein, a clear shift of 3007 cm −1 band to 3005 cm −1 occurs due to the reduced unsaturation in those blenders (Fig. 2) . The absorption in this region for the oils varies for different oils and it also varies by a small proportion for blends upon mixing.
The absorption band at around 2922 cm −1 is due to the symmetric stretching vibration of the aliphatic groups. Pure palm olein and the rest of the oils give absorption at around 2922. cm −1
. However, the peak height for palm olein is higher than that of other oils due to the high values of saturated fatty acids. The 50:50 ratios of palm oil blends with other oils show a maximum absorbance at around 2922 cm −1 as well. After one hour of frying the blends of palm olein: canola oil shows a higher value of absorption than others (Fig. 3) . This observation is consistent with the low IV (Iodine Value) in canola oil indicating the lost of mono unsaturated fatty acids in it. After being exposed to high temperature it lost some of those unsaturation and has comparatively lower IV. Since it has been showed that during a prolonged frying process, the fatty acid composition in oil undergoes modifications due to polymerization, as well as pyrolytic, hydrolytic and oxidative reactions also take place (Frankel 1998; Márquez-Ruíz and Dobarganes 2007) . However, the researchers have stressed that the evaluation of the resistance to oxidation does not take into account the presence of natural antioxidants in oils (tocopherols and tocotrienols) nor the initial composition of fatty acids (Marco et al. 2007 ). The 2922 cm −1 and 2855 cm bands are due to the symmetric stretching of CH 2 groups. It seems that the observation peak height for pure oils and blends of different ratios did not show any changes. It might be because of the main blender palm olein has higher saturation among the four other oils and upon blending with these oils, itessentially does not change the amount of fatty acids aliphatic methylene group, rather it affect on the changes of vinyl group. The band, which appeared at approximately 1743 cm −1 is due to the ester carbonyl functional group of triglycerides. This frequency value remains practically unchanged for pure oils and its 50:50 blends after frying with an exception to palm olein: soybean 50:50 blend which shifted from 1743.78 cm . It is also noted that the band at this region for 20:80 palm olein: soybean oil blend shows the similar characteristic which shifts by a small value to the low frequency level. This change could be associated with the overlapping of band (∼1728 cm −1 ) for the formation of aldehyde functional groups from oxidation and/or production of secondary oxidation products (Sanahuja et al. 2009 ). This observation is also in accordance with the result obtained from the peroxide value for blends in a previous study (Siddique et al. 2011 ). Moreover, these findings have been further consolidated by the results reported by Guillén and Cabo (2002) .
At 1654 cm −1 region stretching vibration is due to cisolefinic C=C bonds. The intensity of the bands for pure oil and their blend before and after frying apparently did not show any changes, but with close observation it shows a reducing trend of the peak height. Palm olein has a relatively lower absorbance with 0.041 whereas, other oils have approximately 0.045. After heating for one hour the 50:50 blends of PO: CO shows most reduced absorbance with 0.035 followed by PO: SF, PO: SO and PO: Cnd oil (i.e. 0.038, 0.039, and 0.042 respectively). However, all 20: 80 blends of palm oil with other oils after the same treatment show higher absorbance , which is related to the bending vibrations of CH group of isolated trans-olefins. This observation provides information of gradual cis to trans isomerization throughout this treatment process (Sanahuja et al. 2009; Tena et al. 2009 ). Moreover, Mishra and Sharma (2011) reported that repeated frying caused trans fatty acids to increase while the blended samples were within the acceptable range after few frying cycles. In this case, palm olein has the lowest absorption band (0.220) as well, where as Soybean oil shows the highest with 0.265 followed by sunflower and canola oil at (0.244 and 0.238, respectively) but candlenut oil does not give any band at this frequency. After one hour of heat treatment PO: SO shows a highest absorption with 0.250 while a minimum is observed for PO: Cnd oil (0.232). So, this observation supports the findings for changes in intensity of the bands at 1654 cm −1
. Additionally, these results are similar to those reported by Guillén and Cabo (1997; for other vegetable oils. Moreover, Enríque-Fernández et al. (2011) also have reported that in terms of chemical properties PO:CO blends shows better results.
The production of free fatty acids could be quantified by chemical analytical methods; however no band was observed at 1700 cm −1 . Because of the fact that, in a mixture the compounds those are very low in proportion give very weak bands, which are not detectable in the infrared spectrum (Guillén and Cabo 2002) .
Rheology
The viscosity of the palm olein was found higher among these four vegetable oils used for blending, nevertheless viscosity of all oils and their blends decreased with the increase in temperature. The increase in temperature enhances the movements of the molecules and reduces intermolecular forces thus the layers of the liquid easily pass over one another and thus contribute in the reduction of viscosity (Siddique et al. 2010 ). This phenomenon also verified by the other researchers as oil viscosity depends on its molecular structure and decreases with the unsaturation of fatty acids while it increases with the increase of saturation of long chain fatty acids on TAG molecules (Kim et al. 2010; Geller and Goodrum 2000) . It may be due to the π bonds that make the bonding more rigid, and thus rotation between C-C bonds becomes strenuous, moreover extended chain makes flow easier and reduces viscosity (Santos et al. 2005) . This is probably because of less friction among the fatty acid chains. It was observed that viscosity decreases linearly with the increase of low viscous oil portion in the blends at 23 and 33°C but at 43°C viscosity of the blends decreases more with a slight deflection, especially for palm: soybean (PO:SO) oil blends. For a better perception, a table (Table 2 ) on viscosity of different blends (before frying) at various temperature is included which was first appeared as a predecessor of this study (Siddique et al. 2010) . This might be due to the presence of fat crystals that coalesce together and need more time for destruction while it increases the friction between the layers and results in the sharp increase in viscosity (Vaclavik and Christian 2003; Graef et al. 2008) . One the probable explanation for this observation might be because at relatively low temperature there are fat crystals present in the oil samples. This crystals, with the increase of temperature disappear abruptly due to melting and thus cause a sudden decrease in viscosity.
From the rheology measurement of all oils and their blends before and after frying at high temperature shows the Newtonian behaviour. Viscosity of all the samples was constant against applied shear rate and the shear rate vs shear stress pass through the origin.
This phenomenon indicates that samples after being fried at high temperature retain its basic characteristics. Fully melted oils showed a weak viscoelastic liquid structure with loss modulus (G′′) higher than the storage modulus (G′) at all frequencies up to 10 Hz. The storage modulus (G′) is an indication of the energy stored and recovered per cycle of sinusoidal deformation. It tells about the elastic nature of the substance while the loss modulus (G′′) is a measure of the energy lost per cycle of sinusoidal deformation and is indicative of the viscosity of the substance (Ferry 1970) . The higher G′ tells about the solid like sample whereas higher G′′ shows for viscous samples. The G′′ is a measure of the energy lost during deformation, however, the value of G′′ over G′ means that the deformation energy of the material is dissipated viscously and the material behaves like 'liquid-like' (Rao 2007) . Accordingly, with higher G′ value the samples show that the oils and their blends are less in elastic character than in a viscous liquid. It also represents the highly organized structure of the samples. G′′ and G′ for all pure oils and their respective blends show a linear increase with the increase of the frequency. Figure 4 depicts the changes in storage and loss modulus for oil blends of 50:50 ratio. Pure oils show a 'critical stress' at about 16 Hz at both 20 and 30°C while in all blends, this phenomenon was found at about 16 and 25 Hz for 20 and 30°C respectively. Oils at their pure state are showing low value of 'critical stress' and this value is high when they are blended, suggests that the structure in blended oils are durable than in pure oils as critical stress tell about the destruction of the structure (Wan Nik et al. 2005) . Besides, this is an effect of the onset of non-linear response of the matters at a certain frequency. This observation might be due to the relatively strong bonds of TAG molecules of different origins. Moreover, at a higher frequency both G′ and G′′ of the samples became gradually inconsistent, which might be because of the effect of higher applied shear the molecules in the samples behave incompatibly with other molecules. The standard deviation as well as the standard error of these measurements also support this finding of inconsistency of the sample behaviour at higher frequency (Table 3) .
The oils and their blends, for temperature sweep test, show a gradual decrease in both G′′ and G′ value with the increase of temperature. It's worth mentioning that G′ has always a lower value than G′′ in temperature sweep test. This observation was similar to the findings of Yalchin et al. (2012) , where the researchers have reported on the G′ and G′′ for pure vegetable oils. However, no crossover point was observed throughout this temperature range. This observation might be due to the destruction of the structure of the crystal network of the oils with the increase of the temperature that reduces the samples viscous property as well as the elastic property. Since all the oil samples are similar (vegetable oils) and no chemical modification was done on it, so the rheological measurement was also found similar for all samples and as a whole this experiment is able to provide valuable information about cooking oils. Therefore, Rheological measurements showed that the viscosity, G' and G'' are usable parameters as a probe to investigate the propensity of different oil blend samples to the thermal degradation.
Conclusion
Palm oil was found to be better against oxidation among other frying oils used in this study. This is a consequence of high saturation, which can be seen from the FTIR data, where palm oil shows band around at 3002 cm −1 and other oils show at 3007 cm −1
. Moreover, after frying for one hour the height of the absorption band at 2922 cm −1 tells about the increase of saturation of these used oil, however, among other oil blends Palm: Canola 50:50 blend shows a better result to restrain the unsaturation against heat. The changes of cis-isomers to transisomers are less in palm oil than in Soybean, Sunflower and Canola oils. Therefore, the blends contained higher ratios of palm oil were found more stable of this cis-trans changes. The altering rate of cis to trans for 50:50 blends is lower for PO: Cnd followed by PO: SO, PO:SF and PO: CO. In physical properties, palm oil shows a higher viscosity than others which however, decreases with the temperature. This might be due to the presence of fat crystals that coalesces together and need heat for destruction. The rheology, in addition, tells that under the testing condition used for this study does not alter basic physical properties of cooking oil and it retains the Newtonian behavior; while G′′ is higher than G′ for both temperature sweep and frequency sweep tests. So oils and their blends show viscous property than the elastic property before and after heat treatment.
